RATIO AND PROPORTION 




14. i Ratio and Proportion! 


We defined ratio a:b = — as the 

b 

comparison of two alike quantities a and 
b, called the éléments (ternis) of a ratio. 
(Eléments must be expressed in the same 
units). Equality of two ratios was defined 
as proportion. 

That is, if a:b = c:d, then a,b,c and d 
aj^aidtobeinproportion. 

Equally important are the similar shapes. 
In particular the similar triangles that hâve 
many practical applications. For example, 
we know that a photographer can develop 
prints to different sizes from the same 
négative. In spite of the différence in size, 
these pictures look like each other. One 
photograph is simply an enlargement of 
another. They are said to be similar in 
shape. Geometrical figures can also be 
similar. e.g., if 

In AABC< > ADEF 


Z/4 = ZD, ZB-ZE, ZCbZF , 



then A ABC and ADEF are called similar 
triangles which is symbolically written as 
AABC ~ A DEF 

It means that corresponding angles of 
similar triangles are equal and measures of 
their corresponding sides are proportional. 
A PQR ~ A LMN means that in 

P . 



A PQR< >ALMN 

ZP=kZL, ZQ = ZM 

ZR-ZN , PQ = LÂÏ , 


Now as 


QR = MN, 
QR 


PQ 
LM ' 
A PQR 


RP 


MN NL 
A LMN 


RP = NL, 
= 1 


Two congruent triangles are 
similar also. But two similar triangles are 
not necessarily congruent, as congruence 
of their corresponding sides is not 
necessary. 



Üilaüwjffi A ^ ne parallel to one side of a triangle and interseoting 

tbe other two sides divides them proportionally. 

■B W 

[ggJlgln AABC, the line l is intersccting thc sides AC and AB 

at points E and D respective!)' such (liât ED || CB . 
ni AD : mBD — mAE : mEC 


Construction 



Join^B to E and C to D. From D draw DM X AC and from E draw ~ÉL 1 AS . 


Staternents 


Reasoas 


! In triangles BED and AED, EL is tlie 
co mmon pcrpend icular . 

/. AB ED = --x mBD x mEL (/) 


and A4 ED ~ -» xmADxmEL (//) 


A BED mBD 
Thus = — 

A AED mAD 
Siroilarly 

A CDE _ rnEC 
AAÜE mAE 
But A BED = A CDE 




..(«>) 


From (iii) and (iv), we hâve 

mBD nïÊC mAD mAE 
or 


mAD mAE mBD rnEC 
HencemAD : mBD = mAE : mEC 


Area of a A = ^-(base) (beight) 


vf 


Dividing (i) hy (ii) 


Areas of triangles with common base and 
same altitudes are equal. Given that 
ED |j CB so altitudes are equal. 


=r- Taking reciprocal of both sides. 


From the above theorem we also hâve 
mBD _ mCE ^ mAD _ mAE 
mAB mAC mÂB mAC 




mmsm 

. 1c mAD mAE , — — — 

a) If -= = , then DE |{ BC 

mAB mAC 

, . ni A B mAC , — - — 

b) If — =** = ■ then DE I BC 

mDB mEC 


Two points détermine a line and three non-collinear points détermine a plane. 
A line segment has exactly one midpoint. 

(f two intersecting Unes from equal adjacent angles, the lines are perpendicular. 


i) 

ü) 

iii) 


(iivt‘11 


T heure m 


(Converse of Theorem) 

If a line segment intersects the two sides of a triangle 
in the s ame ratio then it is parallel to the third side. 

In AABC, ED intersects AB and AC such 
that mAD : mBD ~ mAE : mEC 
ËD || CB 

If ED^CB, then draw BF\\DË to 
meet AC produced at F. 


( ons(nietion 



Statements 

Reasons 

In AABF 


DË\\BF 

Construction 

mAD mAE 

(i) 

mDB mEF 

(A line parallel to one side of a triangle 
divides the other two sides proportionally) 

mAD mAE 

But («) 

mBD mEC 

Given 

mAE mAE 


mEF mEC 

From (i) and (ii) 

or mEF =EC 


which is possible only if point F is 
coincident with C. 

(Property of real numbers) 

Our supposition is wrong. 

Hence ED || CB 






Exercise 14.1? 


L In AABC, DE || BC 



C 


i ) ÂD = 1.5 cm, BD = 3 cm, 

Â£ = 1.3cm then find CE. 
ii> If AD = 2.4 cm, ÂË = 3.2 cm, 
ÊC = 4.8 cm, find AB 


4 £^ = --,AC = 4.8cm, 
DB 5 


find 


iii) If 

Â£ 

îv) If AD = 2.4 cm, AE “ 3.2 cm, 

Z>£ = 2cm, BC - 5cm, find 
ÂB,DB,ÂC,C£ 
v) If ÂD = 4;c-3,ÂË = 8.x-7, 

BD = 3x-l, and C£ = 5x-3, find the 
value of a: 

In AABC, DË||BC 

mAD niAE 


(i) 


(«) 


mBD mEC 
1.5 _ 13 
3 """ mËC 

= 2.6 cm 

In AABC, DÊ1IBC 
m AB = mAD + mBD 


Now 


OH) 


x = 


Let mDB=xcm 

mAD mAE 
mDB mEC 
2.4 3.2 
x 4.8 
4.8x2.4 
X ~~3~2 
48x24 
Tôx32 
x - 3.6cm. 

mAB — mAD + mBD 
mAB = 2.4+ 3.6 = 6cm 

= 4.8cm 

mDB 5 
In AABC. DEHBC 
mAD mAE 
mDB ~ mËC 
mAD mAC - mCE 


mDB mCE 

3 4. 8 -mCË 
5 mCE 
3mCÉ = 5(4.8 -mCË) 
3mCE = 24 - 5mCË 
3mCË + 5mCÉ = 24 
8mCË = 24 

mCË = ^ = 3cm 
8 

mAE = mÂC - mCË 
= 4.8—3 
mAE = 1 .8cm 




(iv) rnAD = 2.4cm, 


m AE = 3.2 cm, mDE = 2cm, mBC = 5cm. 
mAB = ? mDB = ? mAC - ?mCË = ? 


A 



DEPB is a parallelogram, then 
ni PB = mDE = 2cm. 
mCP = 5 — 2 = 3cm 
In AABC, ËP IIÂB 


Now 


mCE mCP 
mËA mPB 
mŒ 3 
2 

3x3.2 


3.2 

mCÈ = 


mCE — 3x1.6 - 4.Bcm 

DE II BC, in AABC 

mBD = mCE 

mAD mAE 

mBD _ 4.8 

2.4 ~3l 

^ 2.4X4.8 

mBD = 3.6cm 


3.2 

mAB = mAD + mDB 
= 2.4 + 3.6 
= 6.0cm 



mAC émAE + mËC 
= 3.2+4.8 
= 8.0cm. 

(v) If ^P_ =4x ~3,AE=8x-7,BD=3x-l 
and CE = 5x - 3, Find the value of x 


A 



mAD _ mAE 
mBD mCË 
4x-3 8x-7 
3x-l 5x -3 

(4x - 3)(5x - 3) = (8x - 7)(3x - 1) 
20x — 27x + 9 = 24x^ — 29x + 7 

20x 2 -24x 2 -27x + 29x +9-7 = 0 
-4x 2 + 2x + 2 = 0 
2x 2 — x — 1 = 0 
2x 2 -2x + x-l = 0 

2x(x — 1) + l(x — l) = 0 
(x - 1) (2x +1) = 0 
x-1 = 0 or 2x + 1 = 0 
x=l or 2x = -1 

x=l or x = — 

2 

But x=-^ not possible 

JU 

So x = 1 

2. If AAi?C is an isosceles triangle, /A 
is vertex angle and DE intersects the 


sides AB and AC as shown in thc 
figure so that. 

mAD : mDB = mAE : mËC 

Prove that AADE is also an isosceles 
triangle. 



mAB 

mÀD 


mAC 


InAABC, ZA 
ÀBbÂC 

mA D 
mDB 
mD B 
mÀD 
mDB 4 mAD 
mAD 


is vertical angle and 

mAH 

mËC 

mËC 

niÂO 

mËC + mAB 
111 AE 


'o Prove: 


r 


Find ail angles of AADE 

Statements 


mAE 
Now mAB = mAC 
mAD - mAE 

A ADE is an isosceles triangle. 

3. In an équilatéral triangle ABC 
shown in the figure. 

mAE : mAC = mAD : mAB 
Find ail three angles of AADE and narac 
il also. 

A 





AABC is an équilatéral triangle. 
mAE _ mAD 
mAC mAB 


mAE __ mAD 
mAC mÀB 
Then DË II BC 
AABC is équilatéral triangle 
Thon mZA = mZB ~ mZC = 60° 
DËIIBC 

mZl = mZB = 60° 
mZ2 = înZC ~ 60° 
mZA = 60° 




Reasons 


Givcn 

Proved 

Corresponding angle 


Prove that the line segment drawn through the mid- 
point of one side of a triangle and parallel to another side 
bisects the third side. 


TT 




Given in AABC, DE 

mAE =!iiËC 


is 


such 


IV) ProM>: 


that 


mAD = mDB and DE IIBC 


S ta tenants 

Reasons 

In AABC 

DEliBC 

Given 

mAD __ mAË 


mBD mEC ( * 


mAD = inDB 

Given 

mDB _ mAË 


mDB ~ mËC 

Put mAD = mDB in (i) 

— 

V 

1 _ mAE 


mËC 


mAE = mEC 

4 f"* Il x 


5. Prove that the line segment joining the raid-points 
«fany two sides of a triangle is paraliel to the third side. 

v» 


A 


< ») v vu ; 


In AABC , points D, E are such that mAD => mDB 

mÂË=mic 
mAD mAE 
mDB mËë 


lu IVovo 



DE IIBC 

Statenients 

Reasons 

if 

DEJI BC 



Then 

suppose DEIIBK 



Now 

mAD mAE 

mDB mEK 

•(0 



mAD mÂË 


Given 


mDB mEC 

••W 


mAE mAE 


From (i) and (ii) 


mEK mEC 



mEK = mËC 








It is possible only when point K lies on the 
point C. 

Thus DËIIBC 


Tlicnrem 


The internai bisector of an angle of a triangle 
divides the side opposite to it in the ratio of the 
lengths of the sides containing the angle. 

22^2 In A ABC internai angle bisector of ZA 

meets CB at the point D. 

mBD : mDC = mAB : mAC 


Æ 


To l’rnve: 


< 'onstruclion 


Draw a line segment BE || DA to meet CA 
produced at E. 


Proof: 



Statements 


v AD || EB and EC intersects them, 

mZ\ — mZ2 (i) 

Again ~ÂD || EB 

and AB intersects them, 

mZ3 — mZ4 («) 

But mZ 1 = mZ3 
mZ2 = mZ4 

and AB = AÊ or AE = ÂB 

Now AD || EB 

mBD mEA 


or 


mDC mAC 
mBD mAB 


mDC mAC 
Thus mBD : mDC = mAB : AC 


Reasons 


Construction 

Corresponding angles 


Altemate angles 
Given 

From (i) and (ii) 

In a A, the sides opposite to congruent 
angles are also congruent. 

Construction 

By Theorem 

mEA - mAB (proved) 


Theorem: 


If two triangles are similar, then the measures of their corresponding sides are 

proportional. 

AABC ~ ADEF 











i.t., 4-A .iZD, Z.R s ZE, and ZC s ZF 


_ mAC mBC 
mDE mDF mEF 


0 Suppose that mÀB > mDÉ 

b) mÀB < mDF 

On AB take a point L such thaï mAL = mDE 

On^4C take a point M such thaï mAM = mDF i ( ,it, r , .. , , 

(2^^ • n L anc M by the îine segment LM. 


Statemcnis 

0 bi AALM <- >A DEF 

AAzZD 

AL s DE 
ÀM sbf 

Thus AALM = AD FF 
and ZL = ZE, ZM ~ ZF , 

Now ZE ~ ZB, and ZF s ZC 
^L s ZB, Z.M a ZC, 

Thus LM j| BC 

e mAL - ,n ^ 
mAB mAC 

m£E __ mDF 
mAB mAC 
Similariy by intercepting segments on 
BA and BC , we can prove that 
mDÉ mEF 


0 ) 


mAB mBC 

Thus -£È ~ mDF _ mEF 
mAB mAC mBC 

m_AB _ mAC mBC 
mDE mDF ~ mEF 


-00 


or 


H) 


If mAB < mDE , it can similariy be 


Reasons 


À 


j Given 
j Construction 
j Construction 

j S. A. S. Poste late j 

j (Conssponding angles of congruent! 
j triangles) 
j Given 

! Transitivity of congruence 
C orresponding angles are equal. 

By Theorem 

mAL = mDE and mAM ~ mDF 
(constmetion) 


by (i) and (ii) 
by taking reciprocais 



pioved by taking intercepts on the 
sides of ADEF 

Il ni A B = mDE , 

then in A/\BC< *ADEF 

ZA-ZD 

ZB-ZE 

and AB s DE 
so A ABC = ADEF 

mAB mAC mBC „ 
mDE mDF mEF 
Hence the resuit is Uue for ail the cases. 


Given 

Given 

A.S.A = A.S. A 
AC s DF, BC-EF 


l. In AABC as shown in the figure, 

CD bisects ZC and mects AB at D, 

mBD is equal to a) 5 b) 16 c) 10 
d) 18 v 




Ans. 


2 . 


mBD mBC 
mDA mCA 
mBD _ 10 
6 ~12 

mBD=— x6=5 

12 

In AABC as shown in the figure, 
CD bisccts ZC . If mAC- 3, 

mCB = 6 and mAB - 7 , then tind 
mAD and mDB. 


mBD =7 -x 

mAD _ mAC 
mDB mCB 

x _ 3 
7-x _ 6 
_x _l 
7-x 2 

2x = l (7-x) 
2x-7-x 

3x = 7 => x = 

mAD 


/ 

3 


mDB = 7 — x 


LO | -0 




3 

21-7 14 

3 ~ 3 

3. Show that in any eorrespondence 
of two triangles if two angles of one 
triangle are congruent to the 
corresponding angles of the other, then 
the triangles are simiiar. 



mZB=mZE 

mZC=mZF 

IfjJjgjQS AABC-ADEF 





Statements 

Reasons 

V 

mZB + mZC + mZA = 1 80° --(i) 

Sum of interior angles of triangle is 180° 

raZE + mZF+ mZD = 1 80°....(ii) 

Given 

mZB + mZC + mZD = 1 80°...(iii) 

4 f x 

mZA - mZD - 0 

Subtracting (i) from (ii) 

mZA=niZD 


Ail Angles of ADEFand AABC are 


congruent 


Thus AABC-ADEF. 

• — i 


If line segments AB and are CD intersecting at point X and = then 

mXB mXD 


show that AAXC and A BXD are simiiar. 


Given: 


AB and CD intersect each other at point x and 
mAX _ mCX 
mXB ~ mXD 


To Prove:i 



AAXC - ABXD 


B 






rr«Mif: 


Statements 

IÎT” AAXC and ABXD 

ZlsZ2 
mAX in CX 
mXBjjnXD 
Then AC II BD 
Z4=Z3 
Z6=Z5 


Reasons 

Vertical angles 
Given 

Altemate angles 


mAX mCX mAC 
Thus — =r= — =• = — = 

mXB mXD mDB 

Hence AAXC and ABXD are similar. 


5. Which of the following are true and which are false? 

i. Congruent triangles are of same size and shape. 

ii. Similar triangles are of same shape but different sizes. 

iii. Symbol used for congruent is ‘~\ 

iv. Symbol used for similarity is ‘ = ’ . 

v. Congruent triangles are similar. 

vi. Similar triangles are congruent. 

vii. A line segment has only one mid point. 

viii. One and only one line can be drawn through two points. 

ix. Proportion is non-equality of two ratios. 

x. Ratio has no unit. 


True 

True 

False 

False 

True 

False 

True 

True 

False 

True 


6. In A LMN show in the figure, MN || PQ . 

i) If mLM = 5cm, mLP = 2.5cm, mLQ = 2.3cm, then find mLN . 

ii) If mLM =6cm, mLQ = 2.5 cm , mQN -5cm, then find mLP. 


InALMN,MNllPQ 
mLM = 5cm, mLP = 2.5cm, mLQ = 2.3cm 


To Prove: 


mLN = ? 


P 


vi 




Statements 

Reasons 

mLN mLM 

PQIIMN (Given) 

mLQ mLP 






00 

m 

mQN 



HffiTT 


ALMN.MNIIPQ 
5cm, mLQ = 2.5cm, mLM = 6cm. 
mLP = ? 


mLP 


mLQ 
mLM ~ mLN 
mLP mLQ 


mLM mLQ + mQN 

mLP _ 2.5 

6 ~ 2.5 + 5 

2 5 ✓ 
mLP= — x6 

7.5 

mLP=-x6 

3 

= 2cm. 

7. In the shown figure, let mPA-8x-l , 
mPB - 4x - 3, mAQ - 5.r - 3, mBR = 3.v - 1. 
Find the value of x if AB || QR . 


Putting values 

8x-7 4x 


5x-3 3x — 1 

(8x - 7)(3x - 1) = (5x - 3)(4x - 3) 
24x 2 -8x-21x + 7 = 20x 2 -15x-I2x+9 
24x 2 - 29x + 7 = 20x 2 - 21 x 
24x 2 -20x 2 -29x + 27x +1-9^= 0 
4x 2 - 2x-2 = 0 
2x 2 -x - 1 = 0 

2x 2 — 2x + x-l = 0 

2x(x--l) + l(x-l) = 0 

(2x + I)(x-l) = 0 

2x + l = 0 or x -1 = 0 

2x = -1 x = 1 

-1 
x = — 

2 

8. in A LMN shown in the figure 
1Â bisects ZI . . If mLN = 4 , mLM = 6, 
mMN - 8 , then find mMA and mAN . 



11 AB II QR then 
mPÂ _ mPB 
mAQ mBR 


L 




Given: 


lnALMN,LAis angle bisector of 
ZL. 



mLM = 6cm, mLN = 4cm, mMN = 8cm. 
mMÂ = ? , mÂN = ? 

Let mAN = xcm 

mMA = 8- xcm 
mMÂ _ mLM 
mAN ~ mLN 
Putting values 

8-x _ 6 

x '4 

4(8-x) = 6x 

32 -4x = 6x 

32 = 6x + 4x 

lOx =32 

32 
x = — 

JO 

mAN = 3.2cm. 


= 3.2 


mMA = 8 - x 
= 8-3.2 

= 4.8cm. / 

9. In Isosceles APQR shown in the 
figure, flnd thc value of x and y . 



In APQR, PQ = PR and PL1QR. 


mm 


- 9 


X = 


In APRLandAPQL 

m PQ = mPR . . . (i ) Isosceles triangle 

mZPLQ=mZPLR Each of right angle 

Common 
H.S.sH.S 


mPL=mPL 
APQL = APRL 

mQL=mLR 

6 = y 

=>y= 6cm. 
From(i) x=10cm. 


OBJECTIVE 


In AABC as shown in figure, CD 
bisectsZC and meets AB atD, a 
m BD is equal (o: 

(a) 5 

(b) 16 

(c) 10 

(d) 18 

In AABC shown in figure, CD 
bisects ZC, if m AC = 3 , mCB = 6 
and mAB =7 then 



(ii) 


(i) 

AD 

= . 


(a) 

7 

3 

(b) 

14 

3 

(c) 

9 

2 

(d) 

11 

2 

mBD 

= 



(a) 

7 

3 

(b) 

14 

3 

(c) 

15 

2 

(d) 

II 

2 





One and only one line can be drawn 

through points: 

(a) Two (b) Three 

(c) Four (d) Five 

The ratio between two alike 
quantities is defined as: 

(a) a : b 

(b) b : a 

(c) a : b = c : d 

(d) None 

If a line segment intersects the two 
sides of a triangle in the same ratio 

then it is parallel to the side: 

(a) Third (b) Fourth 

(c) Second (d) None 

Two triangles are said to be similar if 
these are equiangular and thcir 
corresponding sides are 

(a) Proportional 

(b) congruent 


(c) concurrent 

(d) None 

7. In ÀLMN shown in the figure 
MN || PQ if niLM = 5cm, 
mLP=2.5cm , mLQ = 2.3cm then 
inLN= : 

(a) 4.6cm 

(b) 4.5cm 

(c) 3.5cm 

(d) 4.0 





1 . 

a 

2. 

(i) a (ii) b 

3. 

a 

4. 

a 

5. 

a 

6. 

a 

7. 

a 





i 

i 


